Atypical antipsychotics have been linked to a higher risk for glucose intolerance, and consequentially the development of type 2 diabetes mellitus (DM2). We have therefore set out to investigate the acute effects of oral administration of olanzapine and ziprasidone on whole body insulin sensitivity in healthy subjects. Using the standardized hyperinsulinemic euglycemic clamp technique we compared whole body insulin sensitivity of 29 healthy male volunteers after oral intake of either olanzapine 10 mg/day (n ¼ 14) or ziprasidone 80 mg/day (n ¼ 15) for 10 days. A significant decrease (po0.001) in whole body insulin sensitivity from 5.7 ml/h/kg ( ¼ mean, SM ¼ 0.4 ml/h/kg) at baseline to 4.7 ml/h/kg ( ¼ mean, SM ¼ 0.3 ml/h/kg) after oral intake of olanzapine (10 mg/day) for 10 days was observed. The ziprasidone (80 mg/day) group did not show any significant difference (5.2 ± 0.3 ml/h/kg baseline vs 5.1 ± 0.3 ml/h/kg) after 10 days of oral intake. Our main finding demonstrates that oral administration of olanzapine but not ziprasidone leads to a decrease in whole body insulin sensitivity in response to a hyperinsulinemic euglycemic challenge. Our finding is suggestive that not all atypical antipsychotics cause acute direct effects on glucose disposal and that accurate determination of side effect profile should be performed when choosing an atypical antipsychotic.
BACKGROUND
Atypical antipsychotics are at least equivalent to typical antipsychotics in treating the positive symptoms of schizophrenia, and seem to be more effective in treating negative, cognitive, and mood symptoms (Conley et al, 1998; Sanger et al, 1999; Kopelowicz et al, 2000) . The efficacy against a broader spectrum of symptoms as well as their lower likelihood of extrapyramidal symptoms have led to an increased use of this class of medication (Kasper et al, 1999 (Kasper et al, , 2001 .
Currently, there is an ongoing debate on atypical antipsychotic-induced metabolic changes (American Diabetes Association, 2004b; Boehm et al, 2004; Franciosi et al, 2005; Newcomer, 2005) . Whereas the FDA stated that all atypical antipsychotics increase the risk for glucose abnormalities but did not discriminate between drugs within the class of atypical antipsychotics (FDA, 2004 ; FDA requests that a warning be added to the prescribing information for all atypical antipsychotics regarding the risk of hyperglycemia and diabetes), the Consensus Development Conference on Antipsychotic Drugs and Obesity, and Diabetes agreed on an increased risk for diabetes in patients treated with clozapine and olanzapine. Impairment of insulin action was named as one potential mechanism and a clear need for studies in humans investigating adverse effects of antipsychotic medication on b-cell response was expressed (American Diabetes Association, 2004b) .
The association of metabolic dysregulations and psychiatric disorders has been first described as 'endocrine psychosyndrome' by Eugen Bleuler in 1944 and published in more detail by his son (Bleuler, 1951) . Despite the welldescribed effects of adiposity on glucose metabolism in the general population (Welch et al, 1990; Karter et al, 1996; Macor et al, 1997; Mayer-Davis et al, 1997) , the underlying mechanisms for potential adiposity-independent effects of atypical antipsychotics on insulin sensitivity have not been identified yet. While most studies report an increased risk for the development of metabolic abnormalities like glucose intolerance, insulin-resistance, and consequentially DM2 in rodent (Houseknecht et al, 2005) or dog studies as well as in patients with schizophrenia (Hedenmalm et al, 2002; Koller and Doraiswamy, 2002; Newcomer et al, 2002; Sernyak et al, 2002; Wilson et al, 2003; Kane et al, 2004; Simpson et al, 2004; Henderson et al, 2005 , Haupt et al, 2007 , patients with schizoaffective disorder (Wilson et al, 2003; Simpson et al, 2004) or patients with mood disorder (Gianfrancesco et al, 2003) treated with atypical antipsychotics, other studies fail to confirm these correlations for healthy subjects (Sowell et al, 2002 (Sowell et al, , 2003 or patients with schizophrenia (Kinon et al, 2001) .
This study was designed to examine acute to subacute effects of olanzapine or ziprasidone that are not mediated by the well-known effects of adiposity (Welch et al, 1990; Karter et al, 1996; Macor et al, 1997; Mayer-Davis et al, 1997) . Studying these effects in healthy volunteers minimizes the effects of lifestyle that may account for some of the impairments in glucose metabolism seen in schizophrenia patients (Mukherjee et al, 1996; Dixon et al, 2000; Ryan et al, 2003) .
Glucose intolerance and insulin resistance have been identified as risk factors for the development of DM2 (type 2 diabetes mellitus) and subsequently for cardiovascular diseases (Unwin et al, 2002) . Fasting, post-prandial and post-load glucose are significantly driven by insulin secretion and insulin sensitivity. A variety of techniques to measure these two key parameters exist (Haupt, 2006) . Whereas estimation of insulin secretion by frequently sampling oral glucose tolerance tests, fasting glucose, and plasma insulin curves cannot reliably relate b-cell response to acute changes in plasma glucose, intravenous glucose tolerance tests, MINMOD calculations (Bergman, 1989) , and hyperinsulinemic as well as euglycemic clamps provide a more accurate measure. One method to avoid the glucoseinsulin feedback loop is to control the b-cell stimulus by establishing a steady-state level of plasma insulin and holding plasma glucose concentration at a constant level. This allows for direct quantification of whole body insulin sensitivity and can be done by hyperinsulinemiceuglycemic clamp (DeFronzo et al, 1979) .
Olanzapine and ziprasidone were selected for this study because each of them seems to reflect another end of the spectrum of metabolic abnormalities. The degree to which oral administration of olanzapine or ziprasidone induces an acute higher risk for development of insulin resistance cannot yet be definitively ascertained from existing reports. To minimize confounding factors such as comedication, comorbidity, life style, and poorly defined effects of underlying disease per se, it is necessary to study the metabolic effects of these drugs in healthy volunteers. We set out to compare the acute effects on insulin sensitivity of both drugs in male healthy subjects by hyperinsulinemiceuglycemic clamp.
METHODS

Subjects
This is an open, randomized, mono-center study of healthy volunteers. We included 30 male subjects between 19 and 41 years of age, with body mass index (BMI) between 18 and 25 kg/m 2 , fasting glucose level of 100 mg/dl (5.6 mmol/l) or less, normotension, no personal or family history of diabetes, no history of drug or alcohol abuse, no regular nicotine consumption at time of enrolment, and no medication intake for at least 2 weeks before enrolment.
None of the volunteers had ever been exposed to any antipsychotic medication.
In each of the volunteers, organic diseases as well as neurologic and psychiatric disorders were ruled out by means of clinical history, physical examination including ECG, hematology, blood chemical study, and a structured clinical interview (Mini-International Neuropsychiatric Interview (MINI); Sheehan et al, 1998) by a rater well experienced in the assessment of this interview before enrolment. The study protocol and all other procedures involved were approved by the local ethics committee of the Medical University of Vienna. After receiving detailed information about all study procedures and possible adverse effects of study medication all subjects had given written informed consent to all procedures before inclusion in the study.
Study Design
After enrolment and completion of the first study day including hyperinsulinemic, euglycemic clamp, and microdialysis, randomization was performed at a 1:1 ratio and subjects were administered for intake of either olanzapine (10 mg/day) at 2000 h or ziprasidone (80 mg/day) at 0800 (40 mg) and 2000 h (40 mg). After 10 days of study medication intake all subjects underwent a second study day including hyperinsulinemic, euglycemic clamp and microdialysis. The last olanzapine dose was taken the night before (10 mg, 2000 h), last ziprasidone dose in the morning of final study day (40 mg, 0800 h), plasma drug-samples were collected during the steady-state clamp to measure concentration of active metabolites (N-desmethylolanzapine/S-methyldihydroziprasidone). Pulse rate (beats/min) and arterial blood pressure (mm Hg) were monitored at 30 min intervals on both study days.
Study Day (days 1 and 12)
After an overnight fast of at least 12 h, the volunteers were admitted to the research ward of the Department of Clinical Pharmacology, Medical University Vienna, and intravenous catheters were placed in the antecubital vein of one arm for infusion of glucose and insulin and in the contralateral wrist vein for blood sampling. Clamp studies were initiated by a primed infusion of insulin until plasma insulin concentration was increased to 100 mU/ml, followed by a constant infusion rate of 1 mU/kg min to maintain this plasma level using a volume-controlled pump (Perfusor, Braun, Germany). KCL was administered at a variable rate necessary to prevent hypokalemia, and 10% glucose was infused at a rate necessary to maintain the blood glucose level between 80 and 100 mg/dl.
Steady-state clamp conditions were reached within 2 h after euglycemic clamp start and maintained at that level for another 2 h. The forearm of each subject was heated by electric pads to arterialize the venous blood (Jansson et al, 1992) . Arterialized venous blood samples were drawn every 5 min from the indwelling catheter inserted into a wrist vein to measure the glucose level (Glucotrend s , Roche Diagnostics, Basel, Switzerland). Before the clamp was started, microdialysis probes with a molecular weight cutoff of 20 kDa (CMA-12, CMA Microdialysis, Stockholm, Sweden) were placed in muscle tissue of the thigh. The probes were constantly perfused with Ringer's solution (Mayerhofer, Linz, Austria) at a flow rate of 1.5 ml/min by means of a precision pump (Precidor, Infors-AG, Basel, Switzerland).
Hyperinsulinemic-Euglycemic Clamp
Hyperinsulinemic-euglycemic clamp represents the gold standard methodology (DeFronzo et al, 1979; Haupt, 2006) for the determination of insulin-sensitivity in vivo. This technique measures the amount of glucose required to maintain euglycemia in the setting of an experimentally increased insulin level. While the individual receives a constant insulin infusion i.v. to reach a steady-state insulin level, exogenous glucose is infused simultaneously into a contralateral vein to maintain blood sugar levels at a constant predetermined level (80-100 mg/l). With approximately 70% of glucose disposal coming from skeletal muscle insulin-mediated glucose transport the glucose infusion rate observed provides a reliable measure of whole body insulin sensitivity.
Microdialysis
The principles of microdialysis (MD) have been described previously in detail (Muller et al, 1995; Muller, 2002) . In brief, MD is based on sampling of analytes from the extracellular space of tissues by means of a semipermeable membrane at the tip of a MD probe. Microdialysates were analyzed with a Beckman glucose analyzer (Beckman, Brea, CA, USA). A calibration curve was provided by measuring of samples at six different glucose concentrations ranging from 3 to 100 mg/dl. Each sample was measured four times.
Statistical Analysis
One way ANOVA model (one-sided, Bonferroni-corrected) was chosen to analyze the primary outcome measure (whole body insulin sensitivity). Pairwise comparisons within one study group (plasma glucose, plasma insulin and BMI baseline vs endpoint data) were performed using the Wilcoxon matched-pair signed ranks test. Furthermore, an independent sample t-test was performed analyzing drop out rates for both study groups. Level of significance was set at po0.05. Statistical analyses were performed using SPSS 14.0 (SPSS Inc., Chicago, IL).
RESULTS
Demographics and Adverse Effects
A total of 35 subjects were randomized in the study. Five subjects in the ziprasidone group discontinued after study day 1; four of the five subjects suffered from the following side effects and withdrew consent: one had a panic attack, one developed mild gastroenteritis, one suffered from fatigue and one showed fatigue, vertigo and drowsiness in moderate intensity. One of the five subjects was excluded from the study due to an outbreak of aggression after alcohol intoxication. Thirty subjects completed the protocol, 15 received olanzapine (10 mg/day) and 15 received ziprasidone (80 mg/day). In the ziprasidone group the following mild to moderate adverse events were observed: fatigue in seven subjects, shortened sleep duration in six subjects, in the olanzapine group the most common mild adverse event was fatigue in four subjects. One volunteer had to be excluded from the analysis because he did not reach the expected range of plasma level for olanzapine, 29 subjects entered the data analysis. There was no significant correlation between study-medication and drop out rate.
There was no significant between-study-group difference regarding mean age (olanzapine: 24 ± 3.4 years, ziprasidone: 26±5.7 years; means±SD, Table 1 ). Plasma levels (C max ) were in the range of 23 ± 5 ng/ml (mean ± SD) for olanzapine and 49 ± 17 ng/ml (mean ± SD) for ziprasidone. These plasma levels were reached at 17.86±1.17 h (mean±SD) for olanzapine and 4.4±0.5 h (mean±SD) for ziprasidone (Table 1) . Furthermore, there was no significant betweenstudy-group difference in BMI (olanzapine: 22.0±2.2 kg/ m 2 , ziprasidone: 22.6±1.8 kg/m 2 ; means±SM), or mean blood pressure (olanzapine: 83 ± 6 mm Hg, ziprasidone: 83 ± 7 mm Hg; means ± SM) at baseline (Table 1) .
Subjects in the olanzapine group showed a significant increase (po0.02) in BMI from 22.0 ± 2.2 (mean ± SD) at baseline to 22.6 ± 1.8 (mean ± SD) after 10 days of oral intake of 10 mg/day olanzapine. In the olanzapine group, 10 of 14 subjects gained weight over the intake period of 10 days. In the ziprasidone group no significant difference was detected between baseline (22.6±1.8, mean±SD) and endpoint (22.4±1.9, mean±SD) BMI measured after 10 days of oral intake with 80 mg/day ziprasidone (Table 1) .
Total Glucose Disposal and Plasma Insulin During the Glucose Clamp
Whole body insulin sensitivity decreased significantly in response to the hyperinsulinemic euglycemic challenge over 120 min (po0.001). after 10 days of oral intake of 10 mg/day olanzapine (4.7±0.3 ml/h/kg, mean±SM) compared to Obtained during hyperinsulemic-euglycemic clamp conditions of 120 min. *Significant difference: (po0.02) between baseline vs after 10 days oral intake. **Significant difference (po0.001) between baseline vs after 10 days oral intake.
Effects of olanzapine and ziprasidone J Sacher et al baseline values (5.7 ± 0.4 ml/h/kg, mean ± SM, Figure 1 , Table 1 ). Out of 14 subjects, 13 tolerated less glucose compared to their basal levels. In the ziprasidone group there was no significant change in whole body insulin sensitivity after 10 days of oral intake of 80 mg/day (5.1 ± 0.3 ml/h/kg, mean±SM) compared to baseline (5.2±0.3 ml/h/kg, mean±SM).
The insulin values are shown in Table 2 . The insulin values achieved at baseline did not differ significantly between the two groups (6.22±0.78 mU/ml for olanzapine vs 6.29 ± 0.54 mU/ml for ziprasidone, means ± SM). The insulin values tended to be higher after intake of olanzapine compared to ziprasidone. After 10 days of oral intake of 10 mg/day olanzapine, significant differences in insulin values were detected at baseline (6.22 ± 0.8 mU/ml vs 9.40±1.0 mU/ml, means±SM, po0.02), as well as after 60 min (74±4 mU/ml vs 88±6 mU/ml, means±SM, po0.016), 80 min (71 ± 6 mU/ml vs 92 ± 5 mU/ml, means ± SM, po0.001), and 100 min (78±4 mU/ml vs 98±7 mU/ml, means±SM, po0.02) of steady state clamp for olanzapine, whereas no significant difference was detected for ziprasidone at any time of the 120 min clamp period. Details are given in Figure 2 and Table 2 .
After 80 min of hyperinsulinemic euglycemic challenge the glucose uptake rate for the olanzapine group was 6.1 ± 0.4 ml/h/kg (mean ± SM) at baseline compared to 4.6 ± 0.2 ml/h/kg (mean ± SM) after 10 days of oral intake (10 mg/day) (po0.015), after 100 min the glucose rate decreased significantly (po0.001) from 6.5 ± 0.5 ml/h/kg (mean ± SM) to 4.6 ± 0.2 ml/h/kg (mean ± SM) and after 120 min there was a significant decrease from (po0.0001) from 6.9±0.5 ml/h/kg (mean±SM) to 4.7±0.2 ml/h/kg (mean ± SM). The glucose uptake for the ziprasidone group did not show any significant changes from baseline over time. Details are given in Figure 3 . Figure 1 Glucose uptake for ziprasidone vs olanzapine. Glucose uptake (rnl/h/kg) during hyperinsulinemic-euglycemic clamp for 120 min comparing baseline values vs values after 10 days of oral intake of either (1) ziprasidone, 80 mg/day, or (2) olanzapine, 10 mg/day in male healthy subjects (means±SM, po0.001). Ziprasidone (baseline) 6.29 ± 0.54 65 ± 4.9 67 ± 7.4 76 ± 3.5 77 ± 4.3 76 ± 4.2 77 ± 6.2
Ziprasidone (end point) 5.10 ± 0.60 70 ± 6.7 76 ± 5.7 74 ± 6.1 74 ± 5.4 73 ± 4.9 76 ± 6.4
Significant difference: *po0.02; **po0.016; ***po0.001. (Bottom) Plasma insulin concentrations during hyperinsulinemic-euglycemic clamp (mU/rnl) vs time (min) comparing baseline and after oral intake of olanzapine, 10 mg/day for 10 days. These data indicate a significant increase in insulin after oral intake of olanzapine, 10 mg/day for 10 days at baseline (po0.02), after 60 min (po0.016), 80 min (po0.001) and 100 min (po0.02) of glucose clamp.
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Glucose Levels Before and During the Glucose Clamp
There was no significant difference in the fasting glucose levels in both groups at baseline (olanzapine: 5.04 ± 0.06 mmol/l, vs ziprasidone: 5.10 ± 0.49 mmol/l, means ± SD; Figure 4 ). In the olanzapine group fasting glucose levels tended to be only mildly higher after the glucose clamp (5.13 ± 0.11 mmol/l vs 4.94 ± 0.11 mmol/l, means ± SD) following drug intake of 10 days, but this difference was not statistically significant (Figure 4 ). Regarding the a-i (arterial-interstitial) gradient during the glucose clamp there was an increase in the olanzapine group from 1. 62 ± 1.05 to 3.01 ± 1.37 mmol/l (means ± SD) after 10 days of drug intake. For the ziprasidone group a mild decrease from 2.80±0.47 to 2.64±1.44 mmol/l (means± SD) after oral intake for 10 days could be detected. These differences did not reach statistical significance.
DISCUSSION
This study is the first to demonstrate consistent in vivo evidence in humans that olanzapine causes significant acute insulin resistance. In contrast to previous reports (Sowell et al, 2002 (Sowell et al, , 2003 our clamp experiments show that there is a significant decrease (po0.001) in whole body insulin sensitivity in response to hyperinsulinemic euglycemic challenge in healthy subjects (baseline: 5.7±0.4 ml/h/kg, mean ± SM) following oral intake of 10 mg/day olanzapine (4.7 ± 0.3 ml/h/kg, mean ± SM, Figure 1 ). Whereas Sowell et al reported an increased total insulin response for olanzapine, they attributed those changes to the antipsychotic-induced weight gain and concluded that the observed changes were insignificant (Sowell et al, 2002) .
We observed several other effects of olanzapine intake on glucose metabolism in healthy male volunteers.
One metabolic effect is a significant increase in BMI (po0.02) from 22.0±2.2 (mean±SD) at baseline to 22.6± 1.8 (mean ± SD) following olanzapine administration for 10 days. This finding is consistent with the strong correlation between BMI and insulin resistance from clamps in normalweight individuals (Lillioja and Bogardus, 1988) . A previously proposed hypothesis by Boehm et al (2004) that weight gain represents a risk factor only in the general Glucose uptake (ml/h/kg) during hyperinsulinemic-euglycemic clamp vs time (min) comparing baseline and after oral intake of ziprasidone, 80 mg/ day for 10 days. (Bottom) Glucose uptake (ml/h/kg) concentrations during hyperinsulinemic-euglycemic clamp vs time (min) comparing baseline and after oral intake of olanzapine, 10 mg/day for 10 days. These data indicate a significant decrease in whole body insulin sensitivity after oral intake of olanzapine, 10 mg/day for 10 days, after 80 min (po0.015), 100 min (po0.001), and 120 min (po0.0001) of glucose clamp. Effects of olanzapine and ziprasidone J Sacher et al population but is not associated with the risk of DM2 during antipsychotic treatment does not seem very likely given the evidence for a higher rather than a lower prevalence of DM2 in patients suffering from a major mental disorder in almost all data sets published to date (Mukherjee et al, 1996; Dixon et al, 2000; Okamura et al, 2000; Mokdad et al, 2001; Haupt and Newcomer, 2002; Newcomer et al, 2002; Ryan et al, 2003; Newcomer, 2004; Haupt et al, 2007) . A second metabolic effect is depicted in Figure 2 and Table 2 . We found significantly higher plasma insulin values for the olanzapine group after drug intake for 10 days. Significant differences for olanzapine were detected at baseline (6.22 ± 0.8 vs 9.40 ± 1.0 mU/ml, means ± SM, po0.02), as well as after 60 min (74 ± 4 vs 88 ± 6 mU/ml, means±SM, po0.016), 80 min (71±6 vs 92±5 mU/ml, means±SM, po0.001), and 100 min (78±4 vs 98±7 mU/ ml, means ± SM, po0.02) of steady-state clamp conditions. This parameter also represents a well-studied indicator for insulin resistance (Holmang et al, 1998) .
A third metabolic effect observed was the mild increase in arterial plasma glucose obtained during glucose clamp from 4.94±0.11 mmol/l (mean±SD) at baseline compared to levels obtained during glucose clamp after olanzapine intake for 10 days (5.13 ± 0.11 mmol/l, mean ± SD). Although these results were not significant, it is noticeable that insulin infusion during clamp induced a gradual increase in the glucose a-i concentration difference from 1.62±1.05 vs 3.01±1.37 mmol/l (means±SD) following 10 days of oral intake of olanzapine, 10 mg/day.
As subjects who were administered with ziprasidone took a 40 mg dose in the morning and 40 mg in the evening, this group experienced more side-effects during the day whereas olanzapine doses were administered only in the evening (due to different plasma half-lives; Miceli et al, 2000; Perry et al, 1997) and felt fatigue mostly during night time when they could sleep. This difference in administration could explain the drop out rate for the ziprasidone group (n ¼ 5). We performed a t-test analyzing the drop out rates for both study groups. Even though we could not find a significant difference (p40.05), this might be due to lack of power (n ¼ 15 vs n ¼ 14).
Up to date, several studies investigating olanzapineinduced changes in glucose metabolism in patients have been published (Hedenmalm et al, 2002; Koller and Doraiswamy, 2002; Sernyak et al, 2002; Wilson et al, 2003; Simpson et al, 2004; Haupt et al, 2007) . Newcomer et al (2002) tested oral glucose tolerance in chronically ill BMImatched patients with schizophrenia. His group found significant glucose elevations (1.0-1.5 SD) in olanzapinetreated patients compared to patients receiving typical antipsychotics as well as to untreated healthy controls.
However, studying metabolic changes in patients can bear difficulties in interpretation. Some authors claim that evidence for insulin resistance, hyperglycemia, and DM2 in patients with major mental disorders are due to an increased prevalence for certain abnormalities in glucose metabolism initially associated with the mental disorder itself and are not necessarily related to any antipsychotic treatment (Mukherjee et al, 1996; Ryan et al, 2003; Cohen et al, 2006) . A mechanistic study in dogs proposes a valuable model to examine the effects of atypical antipsychotics in the absence of associated psychiatric disorders . Ader et al (2005) found that olanzapineinduced weight gain resulted in a dramatic functional impairment in b-cell function compensation compared to fat-fed but unmedicated animals.
As stated in an extensive review article by Bergman and Ader (2005) , it is not yet known if results from dogs can be extrapolated to man and agents might differ in their mechanisms of action. To clarify this discussion, we conducted this study in healthy volunteers. Our results are consistent with rodent data (Houseknecht et al, 2005 (Houseknecht et al, , 2007 Chintoh et al, 2006) as well as similar observations in humans (McIntyre et al, 2001; Simpson et al, 2004) . Our current results confirm the previously observed olanzapineinduced changes in glucose metabolism in patients with schizophrenia for healthy volunteers. The time for these metabolic changes to develop in healthy subjects was 10 days of oral intake only, a time period that is shorter than what has been demonstrated for humans before (McIntyre et al, 2001; Newcomer et al, 2002; Simpson et al, 2004) .
Nevertheless, it has to be noted that one group has collected controversial data regarding the hypothesis that olanzapine might impair insulin sensitivity in healthy volunteers. Sowell et al (2002) performed hyperglycemic clamps in healthy subjects before and after 3 weeks of oral intake of olanzapine, risperidone or placebo. Despite their finding of substantial weight gain that was reported for olanzapine and risperidone (B1.5 kg), they did not find the observed changes in whole body insulin sensitivity to be significant. The authors attributed the detected increase in total insulin response for the olanzapine group to the antipsychotic weight gain. But in this study no absolute values of glucose infusion at baseline were reported, which makes it difficult to interpret the results.
In another study, using the euglycemic clamp technique this group failed to detect a significant difference in whole body insulin sensitivity (Sowell et al, 2003) . This is surprising but could be partly explained by the partial caloric restriction applied to subjects and by more specific changes in insulin sensitivity of muscle or liver that may have had occurred but were masked because the specific insulin effects were not assessed as hypothesized in Bergman's detailed review on the Sowell studies (Bergman and Ader, 2005) .
A clinical study in healthy volunteers bears the drawback of limiting the intake of antipsychotic medication to the minimum period and dosage considered to be absolutely necessary to show first detectable results. This is a limitation of our study, and plasma levels for both ziprasidone and olanzapine were rather low but can still be considered to reach a clinical effective range (Perry et al, 1997; Daniel et al, 1999; Miceli et al, 2000; Mauri et al, 2005) . Despite the fact that the doses for olanzapine and ziprasidone are not entirely equivalent in their D(dopamine) 2 blocking ability, it is not likely that D 2 effects account for the results observed. The doses used are similarly positioned in clinical practice and have been used in many clinical trials (Lieberman et al, 2005; Simpson, 2006) .
Neither physical exercise nor food intake restrictions were part of this study design. We did not assess those measures and one can argue that this represents a weakness.
However, the subjects were healthy young males who reported not to have changed their exercise or eating patterns during study enrolment.
As shown in Figure 3 the decrease in whole body insulin sensitivity in the olanzapine group clearly becomes more prominent over time. However, it has to be stated that the baseline values of the olanzapine group tend to be higher compared to the ziprasidone baseline values and this difference also develops more prominently over time (olanzapine: 6.5±0.5 vs ziprasidone: 5.4±0.3 ml/h/kg (means ± SM) after 100 min of clamp; olanzapine: 6.9 ± 0.5 vs ziprasidone: 5.5 ± 0.3 ml/h/kg (means ± SM) after 120 min of clamp). Nevertheless, these differences do not reach statistical significance and cannot sufficiently explain the overall decrease of tolerated glucose uptake in the olanzapine group (baseline: 5.7±0.4 ml/h/kg vs 4.7± 0.3 ml/h/kg after 10 days of oral intake, means±SM).
The aim of the study was to investigate potential acute to subacute changes in insulin sensitivity induced by administration of atypical antipsychotics in healthy subjects. In conclusion, our results strongly emphasize the concept that not all atypical antipsychotics cause acute to subacute changes in glucose metabolism and that accurate determination in side-effect profile should be performed when administering an atypical antipsychotic drug. The results do not permit conclusions as to the specific underlying mechanisms behind the development of insulin resistance.
The well-established adiposity-mediated mechanism plays a central role in atypical antipsychotic-induced insulin resistance (American Diabetes Association, 2004b; Casey et al, 2004; Newcomer, 2005; Haupt, 2006; Haupt et al, 2007) . Besides unhealthy eating habits of patients with schizophrenia, treatment with atypical antipsychotics seems to increase appetite and worsen opiodergic capacity, thus further deteriorating eating patterns (Elman et al, 2006) . There is some evidence that the central nervous system plays an essential role in the development of atypical antipsychotic-induced insulin resistance: whereas one hypothesis proposes modulation of serotonergic/noradrenergic pathways (Kapur and Remington, 2001 ), another one suggests histamine H 1 receptor-linked activation of hypothalamic AMP-kinase (Kim et al, 2007) .
On a peripheral level, it has been shown that olanzapine impairs insulin-stimulated glucose transport, increases lipogenesis and inhibits lipolysis in adipocytes (Vestri et al, 2006) . Interestingly, a number of studies show evidence for acute, non-adiposity linked mechanisms (Houseknecht et al, 2005) and lack of correlation between weight gain and changes in glucose metabolism (Meyer, 2002; Lindenmayer et al, 2003; Simpson et al, 2004) .
Further studies are required to elucidate the specific effects at a cellular level, differentiating between impaired glucose regulation independent of adiposity and weight gain-related effects. Given the still limited knowledge on the cellular pathways involved, Houseknecht et al (2007) argue that experimental models to assess insulin sensitivity are needed to advance our understanding of antipsychoticinduced hyperglycemia, specifically addressing the need for unbiased hyperinsulinemic-euglycemic clamp data in humans. This study aims at addressing that need and our results are consistent with the recently published rodent data by the Houseknecht group. Studies featuring metabolic effects of atypical antipsychotics in normal volunteers are few but essential to provide a chance to assess effects of this medication class on a drug naive population without any potential innate metabolic liabilities of schizophrenia. Even though the current study was partly funded by Pfizer, the study had started before funding was granted, it had been designed and was performed by independent investigators, no company representatives were involved in design, data collection or statistical analysis at any point.
Combining the results on the fast development of first signs of acute to subacute insulin resistance in our study and the facts that are known about progression of DM2 (American Diabetes Association, 2004a), only monitoring fasting glucose levels in patients taking atypical antipsychotics might not be enough. Detailed guidelines before prescribing an atypical antipsychotic have been established (De Hert et al, 2006) and specific recommendations for safe monitoring of weight, blood pressure, blood glucose, and lipid profiles at the beginning and during antipsychotic treatment have been proposed (Newcomer, 2004; Franciosi et al, 2005; Meyer et al, 2005) . Switching to an antipsychotic medication with a more appropriate risk/benefit profile has been recommended in patients who gain 5% of their baseline weight at any time during treatment (American Diabetes Association, 2004b) .
Even though atypical antipsychotics show essentially equal efficacy, in certain cases a medication switch might not be the best of choices, especially when the originally administered treatment allows optimal control of the patient's symptoms and is otherwise well tolerated (Franciosi et al, 2005) . In such a setting, taking additional measures to improve the safety of antipsychotic treatment might be required, such as administering lipid-lowering drugs and antihypertensive medication if lifestyle changes to adopt a healthier diet and increase physical activity are not sufficient (Franciosi et al, 2005) .
The results of this study point out the narrow time range that can suffice for antipsychotic-induced acute insulin resistance to develop and clearly show the importance of recognizing any signs of metabolic abnormalities as early as possible to facilitate a successful intervention.
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